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DISCUSSION 


ASCE.—Although the author emphasizes the 
use air tests problems hydraulic design rather than fundamental 
hydraulic research, still difficult justify the indecisive nature his con- 
clusions. His discussion the limitations the use air for hydraulic model 
tests, although incomplete, more detailed than necessary, since the general 
principles hydraulic similitude—which apply any fluid—have long since 
been verified and are now generally accepted. particular, the 
factors” which lists affecting air tests are all embodied the general re- 
quirements for similitude and themselves introduce uncertainties the 
air-test results. every case where discrepancies test results were ob- 
served, one these requirements was not met. After removing this un- 
certainty the existence unaccountable factors which may affect air-test 
results, one can only conclude that air tests should play ever-growing role 
hydraulic design well research. 

The general principles hydraulic similitude were established, confirmed, 
and accepted the profession long time ago. The author’s assertion that 
these not prove that air can substituted for water determining the 
characteristics specific hydraulic systems untenable; the use air place 
water fully warranted and fully prescribed merely the change 
boundary and rate flow. establish similtude, certainly 
sary consider those properties air, gas, which differ from those 
water, liquid. These differences were given the first part the paper: 
Air compressible, cannot maintain free surface, and cannot become dis- 
continuous; whereas water assumed incompressible, can maintain 
free surface, and becomes discontinuous when the vapor pressure reached. 
The limitations due each these differences were considered. The com- 
pressibility effect was then found negligible for low moderate velocities, 
closed systems were assumed order avoid free-surface effects and was 
indicated that only qualitative results can obtained when cavitation occurs 
the prototype. other words, for tests closed systems, where air veloc- 
ities the model are not high and pressures the prototype are above the 
vapor pressure, the well-known principles hydraulic similitude should 
sufficient establish practically perfect similarity between model and proto- 
type. 

The discrepancies noted the particular tests described can now ex- 
plained terms well-established limitations. For example, the hollow-jet 
valve tests represent case which free surface exists the prototype which 
cannot reproduced the model using air. significant that comparable 
results were obtained spite this selecting suitable points (using the 
principles fluid mechanics) for measuring the effective head. The difference 
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results the tests diffusors, although caused difference turbulence 
the flow, should attributed geometric dissimilarity between the model 
and prototype. The results, using nonturbulent flow air Case could 
reproduced equally well using water, having the diffuser supplied directly 
from large tank, thus eliminating turbulence from the approaching flow. The 
selection the proper arrangement equipment depends the arrangement 
the prototype. Geometric similitude requires that the flow system either 
side the test section similar, least equivalent, the and pro- 
totype. This will sufficient make sure correct results nearly all tests 
hydraulic models. The exception will the case which viscous effects 
are not negligible, was assumed Mr. Ball, and similitude the Reynolds 
type would required. 

evident from these examples that careful consideration must given 
all factors that may influence the flow particular model. Similitude 
all models—whether tested air water—is usually only approximate 
due the practical necessity ignoring various secondary requirements. 
comparison the precision desired the results with estimates the probable 
deviations from perfect similitude should indicate whether additional tests are 
necessary under conditions more closely approximating those the prototype. 
The model turbine test cited the author example the excellent degree 
similitude that often can obtained. 

The advantages using air instead water model tests were cited 
paper Hunter Rouse, ASCE, which emphasized particular 
the simplification many phases instrumentation which the use air per- 
mits. The availability more highly developed and sensitive instruments 
advantage favor using air, rather than just requirement met 
the author suggests. This especially true basic research where instruments 
such the hot-wire anemometer can used make measurements air that 
cannot readily obtained water the present time. 

The list, given Mr. Ball, the types hydraulic problems studied 
emphasizes the uses air model tests for the design hydraulic structures. 
The importance the uses air fundamental hydraulic research warrants 
more attention this phase air testing. indicate the wide variety 
research problems that have been studied air, examples investigations 
conducted the Iowa Institute Hydraulic Research, City, will 
given. 

The early experiences the staff the Iowa Institute air tests during 
World War have been The relative ease conducting the air 
tests compared with similar water tests was apparent that air-flow equipment 
has since been explained and applied many other problems. Two these 
were mentioned the paper: The investigation flow through screens and 
and the investigation the diffusion submerged One sig- 

the Low-Velocity Air Tunnel Hydraulic Research,” Hunter Rouse, Bulletin No. 
Studies Engineering, State University Iowa, Iowa City, 1947 (Proceedings, Third Hydraulic 


Conference). 

Investigation Flow Through Screens,’’ Baines and Peterson, Transactions, 
ASME, Vol. 73, July, 1951, 467. 

Transactions, ASCE, Vol. 115, 1950, 639. 
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nificant fact about these investigations that the results are applicable where- 
ever these flow situations are encountered, the flow water just much 
the flow air. The results obtained give hydraulic engineers all the basic 
information they are likely need for flow these two types without recourse 
supplementary tests with water. 

Another extensive investigation has been made the development the 
boundary layer both smooth and rough Here again the ex- 
perimental results are being obtained from air tests. These are immediate 
importance the problem predicting the underwater drag ship hulls and 
will undoubtedly applied the design hydraulic structures the future. 
The results the air tests have already been used William Bauer,” 
ASCE, investigation the growth the boundary layer the 
accelerated flow water steeply inclined channels. 

connection with another project the Iowa Institute, was necessary 
determine, experimentally, the best head form for cylindrical body which 
would make possible simple indication the magnitude and 
the velocity flowing water measurements pressures suitable locations. 
large number head forms, such blunt, partly rounded, hemispherical, 
ellipsoidal, ogival, and conical, were tested small open-throat air tunnel 
obtain the pressure distributions around the head forms different angles 
the flow. The work running the tests air was only small fraction 
what would have been required for tests water tunnei, and the results 
agreed with the few data that were available from earlier water-tunnel tests. 

The usefulness air tests for the prediction and elimination cavatition 
illustrated well the tests outlet valves described the author. Often, 
advantage can taken larger models for this type test. the Iowa 
Institute, water-tunnel tests the occurrence cavitation gate 
were supplemented air-tunnel tests greatly enlarged scale permit not 
only much finer detail the local pressure measurements but also relatively 
convenient control the velocity distribution the boundary layer deter- 
mine its effect the pressure distribution. 

Air tests have also been used obtain data about gravitational phenomena 
which the Froude criterion for similitude just applicable flow 
problems involving free liquid-gas interface. several instances the free 
convection above sources heat was studied, for convenience, 


Exploratory Investigation Boundary-Layer Development Smooth and Rough 
Baines, thesis presented the State University Iowa, Iowa City, Iowa, August, 1950, 
partial fulfilment the requirements for the degree Doctor Philosophy. 


Experimental Investigation the Boundary-Layer Development Along Rough 
Walter Moore, thesis presented the State University Iowa, lowa City, Iowa, August, 1951, 
partial fulfilment the requirements for the degree Doctor Philosophy. 


“The Development the Turbulent Boundary Layer Steep William Bauer, thesis 
presented the State University Iowa, City, Iowa, August, 1951, partial fulfilment 
the requirements for the degree Doctor Philosophy. 

and Pressure Distribution Gate Slots,’’ Aristokli Spengo, thesis presented the 
State University Iowa, Iowa City, Iowa, June, 1949, partial fulfilment the requirements for 
the degree Master Science. 

Diffusion From Boundary Scource Two-Dimensional Flow,” Hunter Rouse, 
Journal Applied Mechanics, Vol. 14, September, 1947, A225. 

Convection Due Point Source Chia-Shuen Yih, thesis presented the State 
University Iowa, Iowa City, Iowa, August, 1948, partial fulfilment the requirements for the 
degree Doctor Philosophy. 

Convection from Line Harold Humphreys, thesis presented the 
State University Iowa, Iowa City, Iowa, February, 1950, partial fulfilment the requirements 
for the degree Master Science. 
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the results being applicable well convection water, whether produced 
the addition heat (inversely) sediment-laden liquid. another 
instance, the fall velocity spherical particles cylindrical container 
liquid was being studied the ratio the particle diameter the diameter 
the container was varied. Practical difficulties were met these fall-velocity 
experiments when relatively large spheres were used. Therefore, dynamically 
similar air tests were made with the spheres fixed air stream passing 
through short cylindrical duct. Instead measuring the fall velocity, 
pressure measurements were made determine the drag the spheres, which 
turn could related their fall large scale was chosen for 
the air-test model for convenience construction and obtain high Reynolds 
numbers, advantage the use air tests noted Mr. Ball. 

one current thesis project air flow actually used simulate the non- 
uniform flow water with free surface. Impossible may seem first, 
the distribution turbulence the hydraulic jump being studied this 
manner. This done shaping closed-conduit transition according the 
profile the jump each series Froude numbers. The similarity 
the flow pattern checked measuring the pressure distribution the 
boundary representing the free surface and comparing this with the distribution 
corresponding the assumed hydrostatic conditions within the jump. Pitot 
traverses will used verify the mean velocity distribution various sec- 
tions and, finally, hot-wire anemometer measurements will give the distribution 
turbulence. The extra work involved using air this case warranted 
only because reliable instrument not yet available for measuring the various 
components turbulence water. 

Besides these examples the use air tests obvious that 
air flow may very convenient for demonstrations, student instruction, and 
the preparation motion pictures, particularly when the flow pattern 
observed means foreign agents. Disposing air containing smoke, heat, 
chemicals problem, whereas cleaning disposing contaminated water 
may very difficult uneconomical. The student laboratory equipment 
the Institute includes small air tunnel and air-pipe assembly for the pur- 
pose familiarizing students with the advantages air tests and their appli- 
cations hydraulic problems. Two other air tunnels and supplementary 
blower systems are available for more extensive applications. 

evident from the tests cited the paper, well from the investi- 
gations mentioned this discussion, that the use air model fluid provides 
convenient and economical means solving many problems hydraulic 
design and research. examples are accord with the es- 
tablished fact that practically perfect similitude can obtained large 
number problems which there are free-surface cavitation effects. 
Moreover, even when such close similarity not practical possibility, the 
use air for qualitative exploratory studies advantageous. The availa- 
bility highly developed, sensitive instruments permits measurements 
made quite simply air and, furthermore, makes possible studies turbulence 


Within Cylindrical John McNown and John Newlin, Pro- 
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air that cannot made water the present time. spite the author’s 
conclusions the contrary, the writer predicts that the many advantages 
accruing from the use air will result its playing increasingly important 
role the solution hydraulic problems. 


James ASCE.—Many excellent examples low-velocity 
air testing have been presented Mr. Appel. The work cited extremely 
interesting and indicative the many outstanding facts and principles 
fluid mechanics that can established this type testing. The introduc- 
tion similitude increases the scope the paper include the fluid mechanics 
viewpoint. The paper not dissertation similitude; neither does misuse 
advocate the misuse this most valuable tool. The proper representation 
boundary conditions stressed these are very important attaining 
similitude low-velocity air testing hydraulic testing. Some boundary 
conditions are negligible whereas others are absolutely essential, but even 
these can often represented artificially illustrated the paper. 

Although not stated explicitly, the paper was written from the hydraulic 
point view for engineers who are fearful using compressible fluid data for 
solving problems relating incompressible flow. There intention 
implying that the results air tests hydraulic systems must regarded 
with suspicion; rather, intended encourage the use air tests, but 
caution that boundary conditions must selected carefully. One the 
most important factors retarding the use low-velocity air testing models 
full-size hydraulic structures the problem persuading and 
design engineers apply compressible fluid test data, confidently, problems 
involving incompressible fluids. This reticence results from unfamiliarity 
with fluid mechanics and compressible fluids. definite effort must 
made offset this factor when introducing air testing laboratories where 
most the problems concern incompressible flow. The paper represents such 
effort. 

such laboratories (including those confined pumps turbines alone) 
not expected that outstanding hydraulic designs will developed 
direct testing with low-velocity compressible fluid, although the designs 
might influenced considerably similar tests which have established certain 
fundamental principles. Until the hydraulic engineers and designers are con- 
vinced that tests with low-velocity air are reliable tests with water, they 
will insist check the field work with which they are familiar. 
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